The gold salt [(tht)AuCI] was reacted with [1-N,N-dimethylaminomthyl-2-diphenylphosphino]ferrocene (1) forming the bimetallic derivative 4. The reaction of methyl iodide and tetramethylammonium bromide on the chloride 4 produced the ammonium salt 5 and the bromide 6 respectively. New aminophosphines 2 and 3, which represent two of the rare phosphorylated metallocenes containing P(III)-N bond have also been coordinated to gold(I) to form 7 and 8. The presence of the ethoxy group in 7 provides evidence for the lability of one nitrogen-phosphorus bond. The X-ray structure of compounds 4 and 7 have been established. Au-CI containing complexes. The compounds were evaluated for in vitro anti-tumour activity against two human tumours. Differential cytotoxicity was observed with activity comparable to cisplatin, with the exception of one compound which was significantly more cytotoxic.
INTRODUCTION
The antitumour activity of diphenylphosphine complexes is of recent interest and it has been proved that the coordination of the diphosphine to gold(I) enhances the cytotoxicity, z,2 Moreover the intimate association of two therapeutic metals in the same molecule could give the possibility of a synergism between them. With this objective in mind, we have prepared gold(I) derivatives of compounds similar to [FcCH2NHMe2]+[CI]" (Fc Xl5-C5H5FeC5H4) which itself exhibits significant antitumour activity3. We report here the synthesis and comparative in vitro cytotoxicity of the (diphenylphosphino)chlorogold(I) complex obtained from [FcCH2NMe2] ), the corresponding iodide salt, the bromide derivative, new ferrocenylphosphines and their gold(I) complexes.
MATERIALS AND METHODS
All reactions were conducted under an atmosphere of pure dry argon. Solvents were dried and deoxygenated over sodium/benzophenone ketyl and distilled immediately before use.
CH2CI2 stabilized with 0.3 % ethanol was purchased from SDS Company. Transfers C17H26FeN3P: C, 56.8; H, 7.3; N, 11.7; Fe, 15.5. Found" C, 56.9; H, 8.0; N, 11.2; Fe, 14.6 H, 2JH-H = 13Hz, CH2), 3.60-3.64, 3.88-3.92, 4.10-4.14 (m, 1 H, Cp), 4.06 (s, 5 H, Cp), 6.85-7.10 (m, 6 H, m-H, p-H), 7.22-7.35, 7.61-7.73 [ Orange crystals of 4 and 7 were grown from toluene and pentane solutions, respectively. They were mounted on an Enraf-Nonius CAD4 diffractometer. The pertinent crystallographic data are given in Table I . The unit cells were determined from 25 randomly selected reflections (8<6<18).
The intensity data were collected at room temperature with o/20 scan up to emax 25. The EnrafNonius Molen package was used for preliminary treatement of data. The intensities were corrected for standard Lorentz and polarisation effects and empirical absorption correction applied for both crystals. The structures were solved and refined by conventional three-dimensional Patterson, difference Fourier, and full-matrix least-squares methods by using the SHELX76 package. All non-hydrogen atoms in both structures were refined with anisotropic temperature factors. The hydrogen atoms were placed in calculated positions and were given riding on the atoms bearing them. The highest peaks in the final difference map are in close proximity to the gold atoms. Final atomic coordinates are given in Tables II and II1. Tables of hydrogen atom Compounds 1,2 and 3 contain both "soft" (P) and "hard" (N)ligands. It is well known that the former site is normally prefered for coordination by a "soft" metal like gold(I). This has been verified 
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Regarding the positive antitumoral response of 1 before coordination and the inversion in selectivity after coordination with gold (see after), we have decided to synthesize other N-and Pcontaining derivatives by two different approaches consisting of modification of (1-N,Ndimethylaminomethyl-2-chlorogold(I)diphenylphosphino)ferrocene (4) or by using new starting phosphines.
Then two new complexes were synthesized from 4. The reaction of two equivalents of methyl iodide with 4 produced the corresponding salt (5) (the substitution of the chlorine atom by iodine was observed). The bromide 6 was obtained by reacting tetraethylammonium bromide with the chloride 4 (Scheme 1).
The second approach (Scheme 2) allowed the two metallophosphines 2 and 3 to be synthesized by reacting (N,N-dimethylaminomethyl)ferrocene with BuLi and [CIP(NMe2)2] for 2 or BuLl and [H2CN(CH3)PN(CH3)CH2]CI for 3. They represent two of the rare phosphorylated metallocenes containing P(III)-N bond 12 which can be coordinated to gold. The unexpected presence of the ethoxy group in 7 is due to the ethanol (0.3 %) used as stabilizer in the commercial CH2CI2 and the transformation shows evidence for the lability of one of the nitrogen-phosphorus bonds. The 1 H NMR spectrum in particular exhibits one triplet at 1 ppm (OCH2CH3) and one large multiplet (3.42-3.75 ppm)corresponding to the two diastereotopic protons of OCH2CH3 multicoupled to each other, with the phosphorus atom and methyl protons. We have not tried to discard ethanol from methylene chloride.
The 1 H and 13 C NMR spectra of each compound reflects the diastereotopy of the PNMe2 methyl substituents, the phenyl protons, and the methylene protons of CH2NMe2. In contrast, the methyl part of CH2NMe2 consists of one singlet. The deshielding observed for one proton of the methylene group of CH2NMe2 is probably due to an agostic bond involving the gold atom.
Interactions of this type have already been mentioned in the literature 3, 4 for other electrophilic metals and our finding seems to be one of the first examples reported for gold 5.
The very large deshielding of the 31p signal for a bimetallic complex compared to the corresponding Au-free one is evidence for the coordination to gold. The structure of compounds [Fc(CH2NMe2)(PPh2)AuCI] (4) and [Fc(CH2NMe2)(P(NMe2) (OCH2CH3)(AuCI)] (4) were determined by X-ray diffraction.
[Fc(CH2 N M e2)(PP h2AuCI)] (4) Figure I shows an ORTEP plot of one of the two enantiomers and Table IV (2) 111.6 (9) 111 (1) 111 (1) 111 (1) [F c(CH2 N M e2)(P(N Me2)(OCH2 C H3)(AuCI)] (7) The presence of the ethoxy group has been confirmed by X-ray diffraction. A perspective drawing of one of the four isomers is represented in Figure 2 . Selected bond lengths and angles are given in Table V . The cyclopentadienyl rings are essentially eclipsed and parallel. Contrary to the structure of 4, the phosphorus and nitrogen atoms deviate (0.10 and 1.21 , respectively) from the best plane of C6-C10 ring to the opposite side with respect to the iron atom, while the C11 and Au atoms (deviations of 0.06 and 1.11 , respectively) are located between the planes of the Cp rings. Similarly to the structure of 4, the nitrogen atom of the CH2NMe2 substituent (N1) has a pyramidal geometry, while the N2 bound to the phosphorus is planar. The sum of the three angles around N2 atom is equal to 359.9(9) .T his indicates the presence of d(P)-p(N2) interaction. The P-N2 bond length of 1.640 (9) The compounds were evaluated for potential anti-tumour activity using an in vitro screen composed of two human tumour cell lines, SW620 and HT1376. This approach has been adopted as in vivo screens for anti-tumour agents using transplantable murine tumours such as the L1210 and P388 leukaemias have had limited success in identifying drugs with activity against human solid tumours22. The two cell lines exhibit differential chemosensitivity towards the metal anti-tumour drug cisplatin with typical IC5o values of 9.3 +/-1.5/Jg m1-1 for HT1376 and 29.5 + 3.1/Jg ml "1 for $W620 (errors represent standard error of the mean, n = 9). Differential cytotoxicity is used as an indicator of anti-tumour activity whereas similar toxicity against both cell lines is taken as an indicator of non-specific cytotoxicity 23 The ratio of the highest IC50 to the lowest IC50 is a useful measure of differential cytotoxicity, this ratio is 3.2 for cisplatin.
The results for seven compounds are shown in Table VI . LE. Nifant'ev and S. P. Fricker Goordination of gold to compound 1 to givo compound 4 rosults in a slight ovorall ineroaso in eytotoxieity with an apparont invorsion of tho difforontial eytotoxieity in favour of tho $W620 coil line. The differential however is not as great as that seen with cisplatin (ratio of highest IC50 lowest IC50 is 2.4 for compound 1 and 1.8 for compound 4). Compound 6, the bromo analogue of compound 4, shows both an enhanced cytotoxicity and differential activity (ratio of highest IC50 lowest IC5o is 7.3) compared with compound 1. The dimethylamino methyliodide salt, compound 5, is less cytotoxic than compound I but with an enhanced differential cytotoxicity (ratio of highest IC50 :lowest IC50 is 4.5). The reduction in cytotoxicity is probably due to this being a charged compound, whereas the other complexes are neutral. This would reduce its ability to cross cell membranes and reach a putative intracellular target.
Complex 3, the diazaphospholanyl fermcene, is not cytotoxic, unlike the diphenylphosphino ferrocene, compound 1. Interestingly, when coordinated to give the chlorogold complex, compound 8, there is a dramatic increase in cytotoxicity. This is associated with an increase in differential activity with an IC50 of 1.3 pg ml "1 for HT1376 and 19.6 pg ml "1 for SW620 giving a ratio of highest IC50 :lowest IC50 of 19.1. This compound is also more toxic towards the HT1376 cell line than compound 4, the chlorogold diphenylphosphine. Compound 7, the chlorogold dimethylaminoethoxyphosphine, is similarly cytotoxic towards the HT1376 cell line with a ratio of highest IC50 :lowest IC50 of 4.9.
These data indicate that the potency and differential cytotoxicity of phosphinogold(I) ferrocenes can be changed by chemical modification.
